Abstract. In the present paper multilane models for vehicular tra c are considered. A microscopic multilane model based on reaction thresholds is developed. Based on this model an Enskog like kinetic model is developed. In particular, care is taken to incorporate the correlations between the vehicles. From the kinetic model a uid dynamic model is derived. The macroscopic coe cients are deduced from the underlying kinetic model. Numerical simulations are presented for all three levels of description in 12]. Moreover, a comparison of the results is given there.
1. Introduction. There are essentially three types of approaches towards the modeling of tra c ow phenomena. The rst and most basic one concerns microscopic or follow the leader models, modeling the actual response of single cars to their predecessor, see, e.g., 3, 25, 4] . Macroscopic models based on uid dynamic equations have been proposed by a large number of authors, see, e.g., 24, 18, 13, 9, 6, 22] . However some of these models have been subject to a considerable controversy, concerning their validity and applicability to tra c ow. Kinetic or Boltzmann-like models 20], 14, 17, 19] , 16, 15] may present an intermediate step between the above two types of models. On the one side, they can be derived from microscopic considerations. On the other side, uid dynamic models can be derived from kinetic tra c models as has been shown in a heuristic way, e.g., in 21, 19, 17, 5] . A multilane model has been considered, e.g., in 7] . In 23, 11] a new kinetic model is described and numerically investigated. For a survey on the di erent types of models, see 10].
In the above mentioned papers multilane e ects are usually included in a cumulative way neglecting the exact dynamics of the multilane model. In this paper we are especially concerned with derivation procedures and the links between the di erent levels of the hierarchy for a full multilane model. Each level is derived from the lower one. The derivation is supported by numerical results. Quantities like the vehicle distributions, the distribution of the leading vehicles and the equilibrium values for mean velocity (fundamental diagram), tra c pressure, etc. are determined numerically on di erent levels and compared to each other.
The paper is organized in the following way: In section 2 we describe a microscopic multilane model using so called reaction thresholds. The values of this thresholds are given by investigations of the behaviour of individual drivers. The basic assumption in this model is that the time scales allow an instantaneous treatment of the interactions. Based on this model we derive in section 3 a new kinetic multilane model. Correlations between the vehicles are taken into account by an ansatz for the leading vehicle distribution. This distribution is also used to determine the probability for lane changing. From the multilane model a cumulative model is developed. Section 4 contains the derivation of uid dynamic equations. The stationary solution of the homogeneous cumulative kinetic equation is used to determine the coe cients in the Fachbereich Mathematik, University of Kaiserslautern 67663 Kaiserslautern, Germany, (klar@mathematik.uni-kl.de).
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1 2. The Microscopic Model. In this section we present a microscopic model based on the description of individual cars. The model is based on reaction thresholds. The cars change velocity and lanes instantaneously, once certain reaction thresholds are crossed, that means, once the distance between a car and its following or leading car is becoming larger or smaller than the threshold distance. As long as no threshold is crossed, the cars move with their respective velocities in free motion. The thresholds usually depend on the velocities of the cars.
We consider a highway with N lanes. For the notations see Figure 2 .1. The car under consideration is denoted by c. Leading 
denoting the space required on the left and right lane for a changing car. We assume the following ordering of the lines:
In other words, braking takes place at a minimal safety distance, acceleration at a larger distance. For a changing car the available space must be at least such that braking is still possible. In the following the possible interactions, taking place at the thresholds, are collected. We distinguish between two types of interactions. First interactions, where two lanes are involved, are considered.
Interaction 1 (Lane Changing to the left Remark 2. The above model describes on the one hand cars in a following behaviour oscillating between braking and acceleration line. On the other hand cars driving freely accelerating to their desired velocities are described. Accidents are avoided by prohibiting a space of size H B (v) in front of each vehicle for the leading car. These facts will be used to set up an analytic model for the leading vehicle distribution, which will be used in the kinetic model in the next section.
Remark 3. Obviously, a variety of other features could be included in the model. For example, lane changing to the right is not only caused by a following car but may be performed without any in uence of another car. In general, lane changing can also be done in a spontaneous way without interactions with surrounding cars. In particular, this type of lane changing is important for inhomogeneous situations like the simulation of a reduction of lanes. We refer to II, section 4 for an approach to include spontaneous lane changing into the macroscopic model.
Remark 4. Finally, we mention that to derive the kinetic equation in the next section we consider for simplicity a microscopic model without the additional acceleration terms in the lane changing interactions. Moreover, lane changing and braking lines are put together. This means we consider a model, where after reaching the braking line, the driver will -according to the above rules -rst try to change the lane to the left, second -if this is not possible -the leading car will try to change to the right and third -if lane changing is not possible at all -the driver will brake. A kinetic equation for the distribution function f uses the leading vehicle distribution f (2) to describe the in uence of the interactions. To obtain a closed equation for f we have to aproximate the leading vehicle distribution f (2) in a suitable way using f and a correlation function. A connection between f (2) and f is given by the following considerations:
Let F (x; v) denote the probability distribution in v of cars at x, i.e. f (x; v) = (x)F (x; v). Moreover, we denote by F + (v + ; h; v; x) the probability distribution in v + of the leading cars at distance h for cars at x with velocity v. Q (h; v; x) denotes the probability distribution of leading cars in h for a car at x with velocity v. Then f (2) (x; v; h; v + ) = F + (v + ; h; v; x)Q (h; v; x)f (x; v):
We introduce now the following assumptions: The leading vehicles are distributed according to the probability distribution F at x + h:
Moreover, for Q we use the ansatz Q (h; v; x) = q(h; v; f (x; )):
Thus, q(h; v; f) is the distribution of leading vehicles for a vehicle with velocity v under the assumption that the velocities of the vehicles are distributed according to the distribution function f.
At this point a suitable ansatz for q(h; v; f) is needed. An explicit expression for q(h; v; f) is derived in section 3.1. We refer here also to 16].
As a consequence of (3.1) and (3.2) the above mentioned explicit expression for q has to ful ll This means, the average distance of the leading cars is 1 (x). Finally, this leads to the following approximation of the pair distribution function f (2) by the single distribution functions:
f (2) (x; v; h; v + ) q(h; v; f (x; ))F (x + h; v + )f (x; v) (3.3) with the correlation function q(h; v; f (x; )). represented by probability variables D 1 ; D 2 ; . They are assumed to be independent. The location of the vehicles is given by the probability variables X 1 ; X 2 ; de ned by X n+1 = X n +D n with X 1 given. The probability The parameter is determined by the requirement that the mean space between the cars is equal to 1 according to (3.5) . However, looking again at the microscopic model and, in particular, at the simulations in Part II, one observes that most of the cars are trapped between braking and acceleration line. They have a following behaviour, oscillating between the braking and acceleration line. Therefore, we assume that only a part of the vehicles ((1 ? ); < 1) has exponentially distributed leading vehicles and the other part The above expression takes into account a completely chaotic behaviour of the cars ( near 0), as well a strongly correlated behaviour ( near 1) which leads to a following behaviour. For (3.6), (3.7) we need
This is a condition on the type of distribution functions f allowed in the model. 3.1.2. Lane Changing Probabilities. Based on the above leading vehicle distribution q, which gives the distribution of the distances D i , we start the derivation of the lane changing probabilities by determinining the probability of a gap between the vehicles located at X i . This is di cult for the general situation considered above.
Instead, one considers a homogeneous situation not depending on the special starting point X 1 . Therefore, one determines an asymptotic distribution at in nity of the above process or, equivalently, one uses a so called stationary renewal process, see 1, 8] . We mention that the expectation of D i is given by E(D i ) = = 1 according to (3.5) . In particular E(D i ) is independent of i. One looks at a xed spatial point x and determines the distribution of the distance B x between the point x and the next car behind x and the distance F x between x and the next car in front of x: B x = x ? X Nx F x = X Nx+1 ? x; if X Nx x < X Nx+1 . In the language of renewal processes B x and F x are the so called current and excess life. Obviously, P(F x h 1 ; B x h 2 ) gives the probability for a gap of length h 1 in front of x and of length h 2 behind x. The asymptotic value of this probability as x tends to in nity is obtained using the renewal theorem, see In the following sections we need the probability that a lane change to the left and right is performed. This is determined from the stochastic model. We assume that the velocities of the vehicles on the new lane are distributed according to the distribution function f. We consider a car with velocity v and determine the probability P Y (v; f); Y = L; R that lane changing to the left or right is done, if the respective threshold is crossed, that means we determine the probability that there is enough space on the other lane. One determines the kinetic interaction operators, i.e. the gain (G) and loss (L) operators. This is done using the microscopic interactions as a basis combined with the standard procedure to derive kinetic equations. We get @ t f + v@ x f =C + f ( 
Interaction 2 (Lane change to the right). A car changes to the right if its follower reaches the braking line and is not able to overtake (change to the left). Moreover, a change to the right must be possible (probability P R ). model from the multilane model above. The homogeneous version of this model will in the following section be used to derive macroscopic coe cients. The basic assumption underlying the following derivation is that tra c is homogenized over all lanes.
In the model derived in this section the lane changing interactions in uence the dynamics only by reducing the number of braking interactions in the cumulative model. This is similar to the standard kinetic models used in tra c ow, see, e.g., 16, 21, 17, 23] . However here the dynamics in the cumulative model is derived from the multilane model. This is done by introducing a probability for braking in the equations according to the lane changing rules derived above.
The cumulative model is obtained from the multilane one by assuming that the distribution function f is the same on all lanes and by summing the equations over all lanes 1; ; N. We consider the cumulative distribution functions
This means that Nf(x; v) is the total distribution function on the highway and f = F, where is the average density per lane. Considering the probability P B for braking on lane de ned in (3.13) and averaging this probability over all lanes gives the cumulative braking probability which we denote by P C B as
These considerations yield the following equation for the cumulative model:
where with a slight abuse of notation we have de ned To obtain closed equations for and u one has to specify the dependence of p ; S 1 ; S v and E 1 ; E v on and u . 4.2. Closure Relations. There are a variety of possible closure relations, which could be borrowed from gas dynamics. We restrict here to the derivation of nonviscous uid dynamic equations. As usual, to nd closure relations for the balance equations one has to use the stationary solutions of the space-homogeneous kinetic equation. To obtain a simpler procedure, we use the cumulative version, that means we start from (4.3) in section 3.3. All parameters of the uid dynamic equation can be identi ed from these solutions. For the following compare the derivation of macroscopic equations in the case of a multicomponent gas with chemical reactions.
On each lane we consider the homogeneous cumulative equation for f(v) derived from equation (3.15) given in section 3.3: The results for the other terms are stated without derivation. 
